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HelmutA. KuehnelandRobertW. Sommer

A flightinvestigationhas
abilitsfof-asmallside-located

SJJMMmY

beenconductedto determinetheaccept-
controllerwhichisusedas theprimary.

airplanecontrollerinan irreversiblehydraulic-powercontrolsystem.
Theparticularcontrollerusedinthisinvestigationrequiresup and
downhandmotionpivotingatthewristforlongitudinalcontroland

. lateralhandorforesrmmotionforlateralcontrol.Pilotopinionwas
obtainedconcerningtheacceptabilityofthecontrollerwhileperforming
lateralandlongitudinalmaneuversina jet-trainerafiplaneat

● cruising-flightconditions.

Theresultsofthisinvestigationindicatethatthelocationof
thecontrolleris consistentwithpilotcomfortandtheairplaneis
flyablewiththeside-locatedcontroller.Handmotionaboutthewrist
pivotrequiredforlongitudinalcontrolis somewhatuncomfortablewhen
lsrgestickmotionsandhighforcessrerequired.Stickbreakoutforce
andstickforcegradientshouldbe keptat lowvaluesconsistentwith
thereduced-force-outputrequirementsofthepilotwhenoperatinga
smallside-locatedcontrollerofthetype

INTRODUCTION

usedinthisinvestigation.

Becauseofthepresentinterestin side-locatedcontrollersfor
useintheprimaryairplsmecontrolsystem,theFlightResearchDivision
oftheLangleyAeronauticalLaboratoryhasconducteda flightevaluation
ofa specificside-locatedcontroller.Thesidelocationofa primsry
controllerhasbeenfoundtobe desirablewhenthecontrollerisused
withan electroniccontrolsystem.Intheelectronicsystemthestick-
forcecharacteristicscanbe infinitelyvariedandsuchthingsas link-
agefriction,elasticity,andvalvefrictionposeno problems.When
a sidecontrollerisusedin conjunctionwitha hydraulic-powercontrol
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system,however,thesefactorsassumeprimaryimportanceindetermining
acceptablestickforcegradientsandstickbreakoutforce.Therefore,
theeffectsof linkageandvalvefrictionon overall-control-system

.

qualityshouldbe investigated.

Thispapergivesresultsofflighttestsmadewitha side-located .
controllerthatrequiresup anddownhandmotionpivotingat thewrist
forlongitudinalcontrolanda lateralhandorforearmmotionforlat-
eralcontrol.Twogroupsofpower-control-systemcharacteristicswere
usedfortheseflighttestssothattheairplanecontrollabilitywas
unacceptableinonecaseandacceptablein,thesecondcase.Linkage
frictionandvalvefrictionaretabulatedforthesecases,andthe
levelsof stickforcegradientandsticksensitivityareindicated.
Theresultsofthisinvestigationconsistofpilots’opinionandtfme-.
historyfiguresof somemaneuversperformedwiththeside-located
controller. —

SYMBOLS
.

~e,c side-controllerdeflectioncalibratedintermsofelevator
angle,deg

8a,c side-controllerdeflectioncalibratedintermsoftotal
aileronangle,deg

f5e elevatordeflection,deg

6a totalailerondeflection,deg

e pitchangle,deg

# rollangle,deg

an normalacceleration,g units

q pitchingvelocity,radians/see

P rollingvelocity,radians/see

SIDE-LOCATED-CONTROLLERINSTALLATION

A sketchispresentedinfigure1 to showthepertinentdimensions
oftheside-locatedcontrolleranditsangularorientationwithrespect
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to theairplaneaxes. Thelinkagecomectingthecontrollerto the
. servovalveandthesimplespringusedforcontrolfeelandcentering

isalsoshown.Thecontrollergripisrotated20°inward(topofgrip
towardcenterof cockpit)and10°outwardfromthelongitudinalaxis.
Thegripisa stsndardservicetypeusedon conventionalcenter-located
sticks. Figure2 showsthecontrollerandarmrestinstalledinthe
cockpitandfigure3 showsthepilotholdingthecontrolleras inflight.
Thesefiguresshowthecontrollerpivotsforlongitudinalandlateral
control.Thecontrollerdimensions,orientation,andpositioninthe
cockpitwereadjustedtobe consistentwithpilotcomfortbutthebasic
designprincipleofusinghandmotionpivotingatthewristforlongi-
tudinalcontroldoesnotnecessarilyreflectpilots’preference.Stick
forceandmotionsensitivityforlateralandlongitudinalcontrolsre
givenintableI.

A two-placejettrainerairplanethatwasmodifiedby theaddition
ofhydraulic-powercontrolsforthehuman-pilotresponsestudiesbeing
conductedby theNationalAdvisoryComnitteeforAeronauticswasused
convenientlyasa testvehicleforthiswork. Theaddedhydraulic-
powercontrolsystemwasindependentofthenormalairplanecontrols

. whichremainfunctionalfromthefront-coclqitcenterstickwhenever
theauxiliaryhydraulicsystemwasnotengaged.A photographofthe
testairplaneis showninfigure4. Elevatorsensitivityattheflight

● conditionsusedforthisstudyisabout2.5°ofelevatorperg.

Thepresenceofvalvefrictioncsnbe a veryseriousdetrimental
factorina hydraulic-powercontrolsystembecauseit contributesto
controlovershootandpilot-inducedoscillationsas describedindetail
inreferences1 and2. High-frequencyshakerdevicesweremountedin
closeproximityto thehydraulicservovalveto reducetheeffectof
staticvalvefrictiononthecontrolquality.Theshakersserveto
keepthevalvespoolin constsntmotionandtherebytendto eliminate
thestaticfriction.Thesmplitudeofmotionislowandthefrequency
ishighenoughsothatthesystemdoesnotrespondto thiss@kingor
“dither”motion.A photographoftheshakerdevice,assembledandwith
thecoverremovedto showtheinternalstructure,is showninfigure5.
ShslcerfrequencyisapproximatelylCQcpsandshakingforceisabout
2 pounds.Theopposedrotationofthetwoeccentricweightedgesrspro-
duceunidirectionalshakingforcesmdtheunitssremountedsothatthe
shskingdirectionis inlinewiththevalvemotion.

INSI’RUMENTATION

. StandsrdNACAfilmrecordinginstrumentswereinstalledinthetest.
airplane.Thequantitiesrecordedforthisinvestigationwererolling
andpitchingangularvelocities,normalaccelerations,rollandpitch

.
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attitude,elevator-andaileron-surfacedeflections,andside-located-
controllerdeflection. .

FLIGHTTESTS

A flightevaluationoftheside-locate-dcontrollerwhenusedin
conjunctionwitha hydraulic-powercontrolsystemhasbeenconducted.
Thepower-control-systemcharacteristicsweresuchastomaketheair-
planecontrollabilityunacceptableinonecase(designatedas systemA)
andacceptableinthesecondcase(designatedas systemB). Datafor
someofthecharacteristicsofthecontrolsystemsusedarelistedin
tableI. Thevalve-shakerdeviceswereused inbothsystems,butthe
servovalvefrictionof systemA wastoohighfortheshakerto eliminate.
A modificationto systemA resultedina reductionoftheservovalve
frictionlevelto a pointwheretheadditionoftheshakerresultedin
essentiallyzerostaticservovalvefriction.

—
Lostmotioninthelinkage

wasalsoreducedandthelinkageflexibilitythenhadno detrimental
effectswiththereducedservovalvefriction.Theacceptablesystem
(systemB) isthemodifiedcontrolsystem.Allflighttestsofthe u
side-locatedcontrollerweremadeat cruising-flightconditions.

TheinitialrunsmadewithsystemA requiredthepilottofly
●

straightandlevelandthento initiatea 2gpull-upandreturnto lg
flight. Duringthelevel-flightportionof.therun,theairplanewould . ._
maintaintrimuntila smallcontroldisturbancewasapplied”whi,ch
resultedina pilot-inducedoscillation.Figure6 showsa timehistory
of controllerdeflection,elevatordeflection,pitchattitude,normal
acceleration,andpitchingvelocityforthisrun. By observingthelag
betweentheside-controllerdeflectionandelevatordeflection,therea-
sonforthepilot’sdifficultybecomesobvious.(Seeref.1.) Note
thatthecontrollermustbe movedan smountequivalentto about2° of
elevatorbeforetheelevatorstartstomoveandthentheelevatormoves
faster.thanintendedwithovershootresulting.Theunderlyingreason
forthispoorcontrolcharacteristicinthiscaseis excessivelyhigh
staticservovalvefrictionand,to a lesserextent,thelostmotionand
elasticityinthelinkage.Thevalverestrainsthelinkageat oneend
andasthepilotloadstheotherendofthelinkageit stretchesuntil
thestatic-frictionleveloftheservovalveisexceeded.Thevalvethen
undergoesa largedisplacementbecauseofthehighspringloadandthe
relati~elysmallrestraintofthedynsmic‘servovalvefriction.Figure7
showsa timehistoryofthepilot’sattempttopullupto 2g thenpush
downto lg flightagain.Thepilotapproachedthetaskverycautiously
andpulledup to 1.6g;however,inattemptingtoreturnto lg, he over-
shotandtheairplanewentto aboutOgbecauseofthesamecontrol- .
systemshortcomingdescribedpreviously.

.
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Thepoorcontrol-systemchsracterist%csof controlsystemA which
wereusedin conjunctionwiththeside-locatedcontrollerintheseini-
tialtestsmadeitdifficultforthepilotsto evaluatetheside-
locatedcontroller.However,thepi,lots{didobjecttothewristpivot
motionrequiredforpitchcontrol.Thereasonforthisobjectionseems
to stemfromtheawkwardorunnaturalmotionandforceapplication
required.Actuallythepilotmustliftup orp~shdownonthestick
withthewristessentiallyfixedinorderto executelongitudinalcon-
trol. Theheavyelevatorbreakoutforce(9inch-poundsaboutsti~k
pivot)alsocontributedtothecontroldifficulty,andtheelevator-
stickforcegradientof26 inch-poundsperdegreeofelevatorwastoo
highforcomfortablecontrol. c-c

Figure8 showsa timehistoryof a rollandrecovery.Inspection
ofthecontrollerdeflectionandailerondeflectionrecordshowsthat
thereis somelagbetweenthetimethecontrollerismovedandthe
aileronsrespond.Thislagwasnotas serious-asitwasforlongitudi-
nalcontrolandthepilots”reportedthelateralsystemacceptable.
Aileronbreakoutforceswereabout3 inch-poundsaboutthestickpivot.
Therewasno objectiontothecontrollerlocation,motion,orfeel.
Thevaluesofbreakoutforce,sensitivity,andstickforcegradient
shownintableI fortheaileronsystemwereacceptable,thoughnot
necessarilyoptimumvalues.Thetabulatedforcevaluesforlateralcon-
trolfallintotheacceptablecatagorydefinedinreference3. Refer-
ence3 presentsa compilationofforce-outputcapabilitiesof a pilot
operatinga side-locatedcontrollerandalsodefinesacceptableforce
levelsforthistypeof airplanecontroller.

Aftertheseinitialtests,thehydrauliccontrolsystemwasmodi-
fied,andas a re”s”ultofthismodificationtheservovalvefrictionwas
reducedandthelostmotioninthelinkagewaseliminated.Additional
flightrunsweremadewiththeimprovedsystemandthesamecontroller
usedinthepreviousflights.Thecharacteristicsofthismodified
powercontrolsystem(systemB) aregivenintableI inwhichthechar-
acteristicsof systemA srealsoincluded.WithsystemBthepilothad
no difficultycontrollingtheairplanelaterallyor longitudinally.A
time-historyrecordof a pull-upto 2g andpushoverto lg is shownin
figure9 forcoqmrisonwithfigure7. Notethatthereisessentially
no lagbetweenthecontrollerpositionandelevatorposition.Figure10
isa time-historygraphofa rapidturnentryandrecoveryandispre-
sentedto showtheaccuracywithwhicha coordinatedmaneuvercanbe
accomplishedwiththeside-locatedcontroller.

Sixpilotshadan opportunitytoflytheairplanewiththeimproved
side-controllerinstallationandwereaskedto completea rathergeneral
questionnaireto aidinevaluatingthecontroller.Table11liststhe
itemsincludedinthisquestionnaireanda summaryofthepilots’ratings.
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It seemsworthwhileto expandon someoftheitemsinthistable.
Althoughthepilots’ratingofthewristpivotmotionforlongitudinal
controlisgenerallyacceptable,themotionis somewhatawkwardand

-*

uncomfortablebutdoesnotgreatlyimpairthepilots’abQityto fly
theairplane.Elevatorforcegradientwasratedacceptableby three
pilotsandunacceptableby threepilotsbutthegeneralfeelingis
thattheforcesaretoohighfortheamountgfdeflectionavailable.

It shouldbepointedoutthattheelevatordeflectionperg for
theflightconditionusedinthisreportisrepresentativeoftheele-
vatordeflectionperg forpresent-dayfighterairplanesat cruising
flight. Theside-located-controllerdeflectionperg (6.250/g)was
foundtobe goodforsmallcontrolmotionswhichwereusedinthis
investigation.However,thisdeflectionwouldhavetobe reducedto
about2°perg inorderto coverthefullelevator-deflectionrange
withthecontroller-deflectionlimitssetatthemaximumvaluesspeci-
fiedinreference?j.

Withinthelimitedrangeofthisinvestigationitappearsthata
smallside-locatedcontrollerwhenusedwithan irreversibleh@raulic-

—

powercontrolsystemmaybe acceptableforflyinga fighter-t~eair- .
plane.No attemptwasmadeto optimalizesticksensitivity,forcegra-
dient,or stick-motiongeometry. 4

CONCLUDINGREMARKS

Resultsofflightteststo determinetheacceptabilityofa small
side-locatedcontrollerthatrequireshandmotionpivotedatthewrist
forlongitudinalcontrolandforearmorlateralhandmotionforlateral
controlindicatethefollowingconcludingremarksbasedonpilots’
opinion.

Locationofthecontrolleris consistentwithpilotcomfortandthe
airplsmeisflyablewiththeside-locatedcontroller.Wristpivot
motionforlongitudinalcontrolisratedacceptableby thepilotsbut
is somewhatstrangeanduncomfortable,especiallywhenl~ge stick
motionsandhighforcelevelsererequired.Lateralhandorforearm
motionis comfortableformovinga shortstickpivotedbelowthegrip.
Stickbreakoutforceandstickforcegradientshouldbe keptat low
valuesconsistentwiththereduced-force-outputrequirementsofthe
pilotwhenoperatinga smallside-locatedcontrollerofthetypeused.

LsmgleyAeronauticalLaboratory,
NationalAdvisoryComuitteeforAeronautics,

LsmgleyField,Vs.,April14,1958.

—

.
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QJ&ltity Cnntxol.systemA control OyEtem B

2tick deflectim,deg:
.

Ekvatca-.. . . . . . . . . . . . . . . . . . . . . . . . U.pull;6 push llpuIl;6 push
A1l.eron. . . . . . . . . . . . . . . . . . . . . . . . . t12.3 U.3

Surfacedeflection,&g:
Elem.tm. . . . . . . . . . . . . . . . . . . . . . . . . 4.2uP; 2.6dIJwn 4.2w; 2.6dIm
Aileron . . . . . . . . . . . . . . . . . . . . . . . . . *lototal *K!total

Stickdeflectionsemaitivlty(stickdcflectionper
degreeof surfacedeflectim),deg/deg:
EwwmOr. . . . . . . . . - . . . . . . . . . . . . . . . 2.5 2.9
Mkrnn . . . . . . . . . . . . . . . . . . . . . . . . . 1.23 l.=

Stickfnme gradlerrt(stick?orceP degreeaf
surfacedeflection),h.lbjdeg:
21ev8tcu’.. . . . . . . . . . . . . . . . . . . . . . . . 26
ALLerm . . . - . . . . . . . . . . . . . - . - . - - . - 3.2 37

TL7talbreakutl%rce(prdmaplusStiticfiictlon),
in-1$:
ElmEr&r. . . . . . . . . . . . . . . . . - . . . . . . . 6.5
Ail-emu .’. . . . . . . . . . . . . . . . . . . . . . . . ? 3

&idc@ml, in-lb:
Elevator. . . . . . . . . . . . . . . . . . . . -- - . . 6 s
Ailerm . . . . . . . . . . . . . . . . . . . . . . . . . 2 2

Totalst8tlcfI&!tionat tiick,in-lb:”
m-h. . . ., . . . . . . . . . . . . . - . . . . . . 3 1.5
M.Lernn. . . --- . . . . -. . . . . . . . . -. . . . 1 1

Staticelevatorvalvofrictionat stick,in-lb. . . . . . . L5 Hable

R-eepkyinel.ewkrl.inkwe(m=—enmd at stick),
. . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5 r?efjligible

KLevatarI.lnkweflexibili~(stickdefl.ectionper
pOumlOf 5ti&f0rce),de@.. . . . . . . . . . . . . 0.26 0.26
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TABLEII

SUMMARY~ SIXPILOTS‘OPINIONSBASEDONTHEQUESTIONNAIREUSEDTO

EVALUATETEESIDE-LCCATEDCONTROLLERIN CONTROLSYSTEMB

a

9

Ratinglby pilot-
Itemon questionnaire

a b c d e f

Locationof controllerinairplane
coc~it. . . . . . . . . . . . . . . . . . G G G G A A

Wristpivotmotionforlongitudinal
control.. . . . . . . . . . . . . . . . . A A A A A u

Foresrmorwristmotionforlateral
control.. . . . . . . . . . . . . . . . . A G G G G A

Breskoutforce:
Elevator. . . . . . . . . . . . . . . . . A A .G A A A
Aileron.. . . . . . . . . . . . . . . . . A A G G A A

Forcegradient:
Elevator. . . . . . . . . . . . . . . . . A A u u A u
Aileron.. . . . . . . . . . . . . . . . . A G A G G A

Deflectionsensitivity:
Elevator. . . . . . . . . . . . . . . . . A G G G A A
Aileron.. . . . . . . . . . . . . . . . . A G G A G A

Controlhsrmony.. . . . . . . . . . . . . . A A A A A A

Abilitytoperformcoordinatedrmmeuvers
requiringelevatorandaileroncontrol. . A A G A A u

lG,good;A, acceptable;U, unacceptable.
.

.
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Figure 2.- Photograph of
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Figure 3.- PhOtc%raph of pilot holti~ controUer as in fli~t.
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Figure 4.. Photograph of test airplme. L-57.4953 G
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